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Recent studies show that the cerebellum contributes to higher cognitive func-
tions as well as its role on motor system. It is thought that higher cognitive
functions continue to develop during childhood and adolescence; therefore,
cerebellum develops significantly during these periods. For that reason, this
study was carried out in order to determine cerebellar volumes of 90 healthy
individuals (40 males, 50 females) aged between 6 and 17 years according to
their gender. The individuals were divided into three age groups of 6–9, 10–
–13, and 14–17 years, and their cerebellar volumes were found by means of
stereological methods using their magnetic resonance images. The cerebellar
volumes found were compared among the groups without discriminating gen-
ders, among groups according to gender, and again according to gender with-
in each age group. The general average cerebellar volume of the age group
10–13 years was significantly higher than the other two age groups (p < 0.05).
When the groups were compared according to gender, there was no impor-
tant difference between the groups in women (p > 0.05); as for men, cerebel-
lar volume only in the age group 10–13 years was significantly higher than that
in age group 6–9 (p < 0.05). When cerebellar volume for ages 6–17 years was
compared according to gender (without dividing into age group) there was no
significant difference between men and women (p > 0.05). It was seen that
the cerebellum develops from childhood to adolescence, and reaches peak
levels between the ages 10–13 years for both genders. (Folia Morphol 2012;
71, 2: 65–70)
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INTRODUCTION
In recent years, the traditional motor role of the
cerebellum has been expanded to include cognitive
and emotional functions [9, 12, 23]. The majority of
these functions experience dramatic changes dur-
ing childhood and adolescence [31]. Data gained
from a clinic population served as the basis for re-
search examining cognitive and motor functions.
Children with attention deficit hyperactivity disor-
der and autism spectrum disorders show deficiency
in motor functions together with cognitive and af-
fective disorder [21].
66
Folia Morphol., 2012, Vol. 71, No. 2
Developmental changes seen in cerebellar vo-
lume (CV) may serve as the basis for cognitive func-
tions in childhood [21]. The human brain works with
a relationship between cognitive functions and
motor functions and as a system including the neo-
cortex, subcortex, and cerebellum [11, 21]. In the
brain, the prefrontal cortex plays a basic role in cog-
nitive control [19, 30]. In many studies, cross con-
nections were found between the cerebellum and
prefrontal cortex and posterior parietal cortex. The
studies carried out using virus markers in monkeys
found that there is a connection between the mon-
key prefrontal region and the cerebellum [18]. The
cerebellum can receive information through corti-
co-ponto-cerebellar ways and affect the cognitive
region of the brain through cerebello-thalamo-cor-
tical ways [3]. The connection of the cerebellum with
the prefrontal cortex may show its role in cognitive
function. Afferent information may go to the lateral
cerebellar cortex from peripheral and central nervous
systems; however, outgoing information goes to the
dentate nucleus, and then the majority of this infor-
mation goes to the neocortex by means of the thala-
mus [15].
The clinical table developing due to acquired cere-
bellar lesions in children and adults and symptoms
such as impairments in executive, visual-spatial, and
linguistic abilities, with affective disturbance rang-
ing from emotional blunting and depression, was
defined by Schmahmann and Sherman [27] under
the name of cerebellar cognitive affective syndrome
(CCAS).
Higher cognitive function continues to develop
during childhood and adolescence, and it is thought
that the cerebellum develops significantly during
these periods. In the study performed by Pangeli-
nan et al. [21] in children aged between 6–13,
a significant positive relationship was found be-
tween age and the volume of total and frontal white
matter, parietal white matter, and the cerebellum,
while a significant negative relationship was found
for parietal grey matter and age. Again, in the same
study, a significant relationship was found between
general cognitive ability (IQ) and the volume of sub-
cortical brain structures (cerebellum and caudate).
Prefrontal-thalamic-cerebellar structures are the
regions that mature actively during adolescence [5].
In our study, we aimed to determine the volume of
the cerebellum by stereological means according to
gender and the three determined age groups in or-
der to assess the development of the cerebellum
during childhood and adolescence.
MATERIAL AND METHODS
Magnetic resonance imaging (MRI) of 90 healthy
children (40 males, 50 females) aged between 6 and
17 years were examined in our study. All subjects
were admitted to the Department of Radiology in
Cumhuriyet University, Faculty of Medicine between
March 2007 and April 2008. The local Human Ethics
Committee approved the study. Only subjects who
met all of the following conditions were used in this
study: 1) subjects had no previous brain disease;
2) no signal abnormality and cerebral tumours, infarc-
tion or haemorrhage were found on MRI; 3) no his-
tory of prenatal confounds that could influence brain
maturation, such as prenatal exposure to substanc-
es or pregnancy and birth complications; 4) no pos-
itive trauma or maltreatment history; 5) no signifi-
cant medical, neurological, or psychiatric disorder
or history of head injury or loss of consciousness.
MRIs were divided into the previously determined
age groups (6–9 years, 10–13 years, and 14–17 years)
taking into consideration the gender difference.
Images were acquired with a 1.5-T commercial
MRI machine (Exelart, Toshiba, Tokyo, Japonya) with
a quadrature head coil. The imaging protocol includ-
ed axial T2 weighted images. The scanning was per-
formed with the following parameters: spin-echo
axial, repetition time (TR) = 5000 ms; echo time (TE)
= 94 ms; Flip angle (FA) = 90/160; NEX = 2; field of
view (FOV) = 180 ¥ 220 mm; matrix = 224 ¥ 320
and 5-mm section thickness, 1.2-mm intersection gap.
Stereological volume measurements were based
on the Cavalier principle. The technique is simple
and reliable [8]. According to the rule of this princi-
ple, sections were taken equidistant, parallel, and
serial to most accurately calculate the volume of in-
terest [17, 20]. All CVs were estimated from each
image using the point counting technique. A square
grid test system with d = 0.3 cm between test points
was used to estimate the sectioned surface area of
the slice. The films were placed on a negatoscope
and the transparent square grid test system with
d = 0.3 cm between test points was superimposed,
randomly covering the entire image frame. In mea-
suring, points matching each cerebellum grid were
counted three times and the number of points
matching each cerebellum point was estimated by
taking the average of this count. Following the
point numbers, the frame area was calculated. To
estimate cerebellar volume, the modified formula
used for volume estimation of radiological images
was applied [10, 26]:
           V = t ¥ [((SU) ¥ d)/SL]2 x SP
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where ‘t’ is the section thickness (including interval)
of consecutive sections, ‘SU’ the scale unit of the
printed film, ‘d’ the distance between the test points
of the grid, ‘SL’ the measured length of the scale
printed on the film, and ‘SP’ the total number of
points hitting the sectioned cut surface areas of cer-
ebellum. All data for calculation of CV were entered
in the appropriate place on a macro program that
was prepared using Excel and the final data were
obtained automatically.
The results were evaluated by SPSS software
v. 16. CV values were expressed as mean ± SD. Two-
way ANOVA with post hoc Tukey test were used to
analyse the CVs of the groups. CV values of female
and male subjects in all age groups were analysed
with Mann-Whitney U test. A p-value < 0.05 was
considered to be statistically significant.
RESULTS
The average CV values found according to gen-
der in all of the three age groups are shown in Table 1.
When the CV values of the three age groups are
compared without discriminating gender, there is
statistical difference between age groups 6–9 and
10–13 years and again between age groups 10–13
and 14–17 years (p < 0.05). On the other hand, there
is no statistical difference between age groups 6–9
and 14–17 years (p > 0.05). Accordingly, average
CV of the age group 10–13 years was significantly
higher than the other two groups (Fig. 1).
When each age group is compared according
to gender within itself, there is no statistical differ-
ence between men and women in all of the three
age groups (p > 0.05). When the CVs of women
are compared among the groups, there is no sta-
tistical difference (p > 0.05). When CVs of men are
compared among the groups, there is a statistical
difference between age groups 6–9 and 10–13 years
while there is no difference between the other
groups. The CV of men in the age group 10–13 years
was significantly higher than those in the age group
6–9 years (p < 0.05) (Fig. 1). When the CV of the
age group 6–17 years is compared according to
gender (without dividing into age group), no sta-
tistically significant difference was found between
men and women (p > 0.05).
DISCUSSION
During ordinary childhood, brain development is
a complex and a dynamic process [24]. From birth
Table 1. Mean cerebellar volume according to age
groups [cm3]
Age groups Sex n Mean SD
6–9 Female 11 120.08 8.99
Male 19 119.05 15.66
Total 30 119.43 13.42
10–13 Female 21 127.53 11.74
Male 9 133.87 10.82
Total 30 129.44 11.66
14–17 Female 18 120.78 13.05
Male 12 122.47 10.75
Total 30 121.45 12.01
6–17 Female 50 123.46 12.00
Male 40 123.41 14.30
Total 90 123.44 13.00
Figure 1. Mean cerebellar volume according to age groups [cm3]; *mean total cerebellar volume of the age group 10–13 years is significantly
higher than the other two groups (p < 0.05); **there is a significant difference between age group 6–9 and 10–13 years in males (p < 0.05).
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until teenage years, brain volume increases four
times and a significant increase in motor and cogni-
tive abilities also occurs. This increase in volume is
not uniform but different in cortical and subcortical
regions [13]. Adolescence is the transit period from
childhood to adulthood during which there is a sig-
nificant development at the behavioural and cogni-
tive level relating to the changes in brain structures
[14, 28].
Human neuroimaging studies show that in high-
er cognitive functions, not only prefrontal regions
but also striato-thalamo-cortical and cerebello-thala-
mo-cortical stages give service [14]. As supported
clinically, Riva et al. [25] stated in their study that
cognitive and behavioural disorders developed fol-
lowing cerebellar lesions, and that the symptoms
occurring according to topography of lesions were
different. Similarly, a study by Aarsen et al. [1] found
that children treated for cerebellar tumours with
surgery exhibited cognitive impairments.
There is a relationship between lower CV and de-
ficiencies in neuropsychological performance [2]. It
was shown that CCAS observed after acquired cere-
bellar lesions develop in children and adults. More-
over, it was stated that the symptoms shown by those
with cerebellar malformation were more serious but
less specific [29]. MRI studies have demonstrated
smaller total cerebellar and vermal volumes in schizo-
phrenia, mood disorders, and attention deficit hy-
peractivity disorder [3].
Spurts in the number of glial cells in the brain
and brain stem start earlier than the cerebellum.
Spurts in the cerebellum start later but complete
earlier. It is estimated that at around 18 months,
while the cerebellum cell content is at adult level, it
reaches approximately 60% of adult level in the
proensephalon and brain stem [16]. While normal
cerebral cortical development shows a linear increase
in white matter, it is characterised by an increase in
the preadolescent period and a decrease in the post-
adolescent period in grey matter. This change in grey
matter may be a reflection of firstly synaptic arbori-
sation and then pruning, and a linear increase in
white matter may be a sign of myelination events
increasing during adolescence [7].
Although the cerebellum is one of the brain struc-
tures that becomes different first, it is also one of
the structures which matures last, like the prefron-
tal cortex [6, 33].
Tiemeier et al. [31] found in their study that to-
tal CV follows a developmental orbit like an inverse
letter U and reaches peak levels at the age of 11.8 ye-
ars in females and 15.6 years in males, and further-
more, CV is 10% to 13% higher in males due to age.
They also stated that CV, as a whole, has a longer
development process as it reaches peak volume af-
ter the brain. In our study, it was seen that CVs
reached peak levels in the age group 10–13 years
for both genders, and the values in this age group
were significantly higher than in the other two age
groups.
Vannucci et al. [32] found in their study that CV
increased by 300% between birth and 12-months,
50% between the following 12 and 18 months, and
there was a very distinctive graded increase during
childhood and the early adolescence period.
Wu et al. [34], in their study performed with
50 children aged between 0.2–12.7 years, observed that
the most significant increase in CV was during the
first two years, and found in the same study that
cerebellar development in females was behind that
of males; however, it reached the volume of males
at around 12 years. Caviness et al. [4] in a cross-
sectional sample of 30 normal children (15 males,
15 males) aged 7–11 years found that the cerebel-
lum was at adult volume in females but not males
at this age range.
Gender differences in the cerebellum are lower
than in the brain [31]. In spite of the studies show-
ing that the CV is higher in males, in our study, no
significant difference was detected between females
and males in all of the three age groups although
the volume was higher in males in the age groups
10–13 and 14–17 years. Giedd et al. [7] used MRIs
obtained from 104 healthy children and adolescents
aged 4–18 years and found that CV in males was
larger than in females.
Some studies were carried out researching the
effect of birth time on cerebellum development dur-
ing adolescence. Parker et al. [22] CVs volumes be-
tween those who were very preterm (VPT) and those
who were term-born, and measured CVs of both
groups twice in adolescents and adults. In this study,
grey and white matter volumes showed similar de-
velopment patterns in both of the groups. Howev-
er, grey and white matter volumes were significant-
ly smaller in the VPT group in adolescence and young
adulthood. The average CV was not significant be-
tween the two groups in both of the measurements,
and it was shown by the results obtained that CV
was constant in term-born adolescents. Similarly,
Alin et al. [2] determined in their study that CV of
terms was significantly higher than in preterms dur-
ing adolescence.
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In ordinary brain development, childhood and
adolescence are important periods. Adolescence is
the period during which important neurobiological
and behavioural changes occur. Brain imaging stu-
dies have shown that the human brain, especially the
prefrontal cortex and cerebellum continue to deve-
lop during adolescence years. Although the cerebel-
lum accounts for only 10% of the total brain vo-
lume, a matured cerebellum contains more than half
of all neurons [23]. Therefore, it can be estimated
that it plays more roles than the known motor func-
tions. Nonetheless, recent studies have shown its
role on cognitive functions and affection in addi-
tion to motor function. This study has shown that
there is an increase in CV in healthy individuals be-
tween ages of 6–14 years in both genders, and that
it reaches peak levels between 10–13 years.
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